The treated trees initiated more fibrous roots and flower buds than did the untreated control trees. In late fall, carbohydrate content was higher in the new shoots but lower in the fibrous roots in the soil-drenched trees compared to their respective control parts. Thus, the C-N ratio in the stem of the new shoot was larger and that of the fibrous roots lower in the treated trees relative to those of the control. Another trial to 'Nichinan ichigo' was a soil-drenching treatment with L-proline solution in September. It promoted shallow fibrous root growth and flower bud differentiation significantly.
The physiological basis for the enhanced flower bud differentiation of satsuma mandarin by soil-drenching with phytohormones and amino-acids and its possible use are discussed.
Introduciton
Flower bud differentiation is essential to a stable production of satsuma mandarin which has strong alternate bearing habit (Monselise and Goldschmidt, 1982) . Thinning promotes flower bud differentiation, but an optimum annual return bloom is difficult to achieve in practice. Poor incomplete thinning results in a largfe fruit load which inhibits flower bud differentiation (Morioka, 1988; Morioka and Yahata, 1989; Osiro et al., 1989) . In plastic-house cultivation, flower bud induction is more important than it is outdoors because it does not occur sometimes on new shoots which sprout after indoor summer pruning. We can attribute the lack of flower buds on inadequate nutrition.
Ringing may improve the nutrition and flower bud formation, but its effect was not always reliable while causing a considerable damage to the trees (Yamamoto, 1977; Table 1 . Seasonal changes of carbohydrate content and C-N ratio of the fibrous roots and leaves of satsuma mandarin trees ('Okitsu wase') which did or did not receive a drenching treatment of IAA solution in July. (Table 3 ).
The fibrous roots grew more vigorously in the IAA plots than did in the control. with growth regulators was more vigorous than it was in the control (Fig. 3) (Table  6 ).
Discussion
In discussing the drenching effect of growth reg- Table 3 . Flower bud differentiation of satsuma mandarin trees ('Okitsu wase') which had a leaf: fruit ratio of 15:1 and did or did not receive a soil drenching treatment of IAA solution. K. Kitazono and S. Iwasaki Table 4 . Carbohydrate content and C-N ratio of the summer shoots and fibrous roots of young satsuma mandarin trees ('Nichinan ichigo') in late fall that were pruned in August and drenched in September with a plant growth regulator. Table 5 . Flower bud differentiation in plastic-house-cultivated satsuma mandarin trees ('Nichinan ichigo') that were pruned in August and drenched in September with a plant growth regulator. Table 6 . Flower bud differentiation in plastic-house-cultivated satsuma mandarin trees ('Nichinan ichigo') that were pruned in August and soil-drenched in September with a BA or L-proline solution.
ulator solutions, carbohydrate content and C-N ratio of the stems should be focused first, because flower buds differentiate on the stems. Both values increased in all drenching treatments. In the fibrous roots, however, they were lower in the soildrenched trees than in the control, except for the carbohydrate content of the fibrous roots grown outside a container.
These results suggest that a preferential accumulation of photosynthates occurred in the top. The growth of the fibrous roots was very good in all treated plots,.so it was unlikely to be a matter of photosynthates partitioning. Furthermore, in spite of less accumulation of carbohydrates in the roots, more flower buds were formed on trees from treated plots. This is completely contrary to recent views Goldschmidt 1981, 1982; Eliezer et al., 1982) . These articles reveal that higher carbohydrate contents in the roots favor for flower bud differentiation of citrus trees. Therefore, anothe line of discussion seems to be necessary to explain our results.
Among the growth regulators applied, IAA is surely known to stimulate rooting, and some papers actually reported the good effect of auxin or auxin relatives treatment for rooting of satsuma mandarin Yamashita and Matsuda, 1977) . Therefore, an increase of fibrous roots observed in this treatment is much convincing. The importance of fibrous roots for dry matter produciton of satusuma mandarin is already suggested (Ono et al., 1986; Ono 1987 (Yamazaki et al., 1989) by being easily absorbed through the rough surface of fibrous roots or middle-sized roots (Tanimoto, 1988 Kato et al. (1985) who fed labelled proline to the leaves of satsuma mandarin trees in autumn and followed its movement found that leaves could synthesize proline preferentially and supply it to other organs and tissues. While investigating the effects of air and soil temperatures in autumn on flower induction and some physiological responces of satsuma mandarin, reported that a possible correlation exists between the proline content of leaves and the number of flowers produced. Thus, proline may produce some specific proteins essential to flower bud differentiation. Using electrophoretic-gel analysis, Murai et al. (1992) observed that gels of NaCl-soluble protein extracts from leaf and bark samples from nonbearing spring shoots of 'Kawano Natsudaidai' had more bands with stronger staining intensity than did comparable samples from bearing shoots. With respect to the salt soluble proteins, more emphasis should be placed on the specific proteins in the buds. The results of the electrophoretic analysis will probably explain the function of proline. The effect of proline on flower bud differentiation may be proved in an in vitro culture of excised buds of satsuma mandarin, through which some valuable data to discuss about are already accumulated (Garcia-Luis, 1993). The discussion so far can be summarized as follows.
1. Carbohydrate content and C-N ratio should be focused on the fibrous roots and stems in consideration of reproductive physiology of satusma mandarin trees. Possibly, the fibrous roots could produce some kinds of growth regulators which might be involved in the flowering of satusma mandarin trees.
Soil-drenching
with growth regulators is more effective than a foliar spray treatment, because absorption through the root surface seems to be faster than that through leaf surface. It would replace the tedious ringing or strangulation (Nakajima et al, 1989 ) used traditionally to induce flower bud differentiation.
Proline or cytokinins could be good candidates for the drenching treatment because it is cheaper than chilling the soil which was recently suggested for a plastic-house culture of satsuma mandarins (Poerwant et al., 1989; Inoue, 1990 a, 1990 b) .
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